We report growth and optical properties of a novel system of CdTe nanoparticles doped P 2 O 5 -Na 2 O-ZnOLi 2 O glass matrix. We have investigated the effect of concentration, annealing time and temperature on the band gap and size of the CdTe semiconductor nanoparticles. In addition the effect of adding ZnO to the glass matrix on the growing of the nanoparticles has been investigated. We found that the addition of ZnO to the glass composition is strongly affecting the growth of the nanoparticles. On the other hand, we have calculated the size polydispersity index which showed narrow size distribution for the prepared nanoparticles. Furthermore, we have estimated the activation energy of diffusion for the prepared CdTe nanoparticles which gave the activation energy with low value 44 KJ·mol -1 .
Introduction
Semiconductor quantum dots have attracted a great interest in recent years because of their unique chemical, physical, optical and electrical properties which are different from those of either the bulk materials or single atoms. These unique properties of quantum dots arise from the quantum confinement of charge carriers. The quantum confinement effect is induced for semiconductor by reducing their size to less than 10 nm [1] [2] [3] [4] [5] [6] [7] . II-VI semiconductor quantum dots have attracted much attention due to both their unique properties brought by the three dimensional quantum confinement and their potential for photonic applications as optical devices [8] [9] [10] . CdTe is one of the II-VI semiconductor nanocrystals which have a large exciton Bohr diameter ~15 nm, and therefore it offers the possibility of studying quantum confinement effects in higher cluster size regimes. Up to now very rare work are published about the glass matrices doped with CdTe nanocrystals [11] [12] [13] [14] [15] [16] [17] .
To the best of our knowledge, CdTe nanocrystal doped sodium/lithium-mixed phosphate glass matrix has not been reported since our published work May 2011 [17] . Our nanoparticles doped sodium/lithium-mixed phosphate glass matrix begun in 2008 [18] and 2009 [19] , and we have studied the growth of CdSe and PbSe nanocrystals in this glass matrix. In this work, it is intended to study the growth of CdTe nanoparticles in P 2 O 5 -Na 2 OZnO-Li 2 O glass matrix. We have studied the effect of concentration, annealing time and temperature on the growing of nanoparticles. In addition the activation energy of diffusion for the prepared CdTe nanoparticles has been estimated for different concentrations of doping. The prepared samples characterized by X-ray diffraction, differential thermal analysis and optical absorption spectroscopy.
Preparation
In this work we have prepared a new system of CdTe nanoparticles doped phosphate glass matrix. Firstly, we have prepared two systems with different base of glass. These two systems are P 2 O 5 -Na 2 O-Li 2 O: 2 wt% (CdO+Te) and P 2 O 5 -Na 2 O-ZnO-Li 2 O: 2 wt% (CdO+Te). We found that the second system which includes ZnO in glass matrix is improving the formation of nanoparticles. So, we selected this system to study the effect of different concentrations of CdO and Te on the nanoparticles growth and to calculate the activation energy for growing CdTe nanoparticles in phosphate glass matrix. The concentrations of (CdO+Te) are 1, 1.5, 2 and 2.5 wt%. Hereafter, we call the two base glasses P 2 O 5 -Na 2 O-Li 2 O and P 2 O 5 -Na 2 O-ZnO-Li 2 O, PNL and PNZL, respectively. The raw materials used in preparation are Li 2 CO 3 , Na 2 CO 3 , ZnO, P 2 O 5 , CdO and Te reagent grades. The raw materials were weighted, mixed and stirred mechanically many times to obtain homogeneous mixture. The mixture has put in porcelain crucibles and inserted in an electric furnace held at 250˚C for 1 h. This process of heat treatment allows the P 2 O 5 decompose and react with other raw materials before melting. Then the mixtures have transferred to a second furnace which held at 1100˚C for 15 min for melting (the melting temperature is depending on the composition of the base glass). Then the melt has poured into two mild steel split mould previously heated to 200˚C. Then the samples immediately transferred to an annealing furnace held at 210˚C, only for 1 min then the composite was allowed to cool gradually to room temperature to remove excess internal stress in the glass base and to initiate the nucleation of the nanoparticles. This adopted method allows producing small nanoparticles with narrow size distribution. The samples have been kept in desiccator to prevent possible attack by moisture. Some samples were polished to optical quality for optical measurements. For this purpose, ethylenglycole have been used to avoid the selective removal of any components from the surface layer.
Characterization
The obtained composites were characterized by different techniques. Thermal properties were studied using Shimadzu DTA-50 in a platinum crucible and nitrogen flux with flow rate of 10 ml/min to determine glass transition temperature (T g ), crystallization onset temperature (T x ), and crystallization peak temperature (T c ). The X-ray analysis was performed on a Philips Pw1373 X-ray diffractometer with Cu radiation (λ = 1.542 ºA) and Ni filter operated at 36 kV and 20 mA with a scanning rate of 2 deg min -1 in the angular range 20˚ to 70˚. The optical absorption spectra were recorded using a UV-VIS spectrophotometer (Unico UV-VIS double beam model 4862, USA) in the spectral range 200 -1000 nm at room temperature. Figure 1 shows the DTA measurements for the PNZL glass composite with different weight percent of CdO and Te. We have determined the glass transition temperature (T g ), crystallization onset temperature (T x ) and crystallization peak temperature (T c ). As we can see the thermal properties of the base glass are influenced by the doping of CdO and Te. The increasing of doping with CdO and Te leads to a slightly change in T g and decrease of the T x . As our cooling process was achieved only to 210˚C temperature and the glass base have low transition temperatures nearly 250˚C. This low difference in temperatures leads to a decrease in cooling rate in the range around the transition temperature and in turn cause of growing and crystallization of nanoparticles. So, we attributed the decrease in T x with increasing the concentration of doping to the increase in resistance of heat transfer. We attributed the increase in resistance of heat transfer to the increase of the number of nanoparticles with increasing doping concentrations. Figures 2 and 3 show the X-ray diffraction patterns of the as quenched PNL and PNZL glass doped with 2 wt% CdO and 2 wt% Te. The observed X-ray diffractions peak positions compared with JCPDS data file: 80-0089-Hexagonal and 75-2083 Cubic system are tabulated in Table 1 . According to the peak positions the structural of as quenched PNL glass doped with (CdO+Te) is fit into hexagonal structure of CdTe. While for PNZL glass doped with (CdO+Te) the structural of CdTe nanoparticles is fit into hexagonal structure with little fractions of cubic phase. In addition to, there are some diffraction lines which are related to TeO 2 at the surface of CdTe nanoparticles for both of PNL and PNZL glasses samples. These results indicate that our quenching method leads to formation and crystallization of CdTe nanoparticles with some oxides on the surface of the nanoparticles. On the other hand, there is a remarkable difference between the two diffraction patterns of PNL and PNZL glass composite. The most important change is the appearance of peak at 2θ = 23.58 with high intensity which corresponding to (100) plane of Hexagonal CdTe in PNZL glass composite. This result revealed that the addition of ZnO in the expense of Na 2 O to the glass composition is strongly affecting the nanoparticles formation. We attributed this result to the high field strength of Zn 2+ ions relative to Na + ions will affect on the chain length of the glass structure which in turn affect on the growing and nucleation of the nanoparticles. The sizes of CdTe nanoparticles in PNL and PNZL glasses doped with 2 wt% CdO and 2 wt% Te, are calculated using Debye-Scherrer equation [20] ,
Results and Discussions
where D is the diameter of nanoparticles,  is the wavelength of X-ray radiation,  is the angle of diffraction and  is the full width at half maximum of the peak. To determine the full width at half maximum we have used Gaussian function to fit the diffraction lines as following:
where I is the intensity of the diffraction line, I o is the offset,  is factor that controls the width of the peak and is related to full width at half maximum through
where 2 is the diffraction angle and 2 c  is the diffracting angle that corresponds to the center of the peak. Using Equation (2), we have fitted the X-ray diffraction patterns of the samples. The Gaussian fitting of the diffraction lines for PNL and PNZL glass systems doped with 2% of CdTe are shown in Figures 2 and 3 . The sizes of CdTe nanoparticles of as quenched PNL and PNZL glasses doped with 2 wt%( CdO+Te) were calculated using the (101) and (100) reflections, respectively. The calculated nanoparticles diameter using Equations (1) and (2) for the PNL and PNZL glass composite doped with 2 wt% CdO and 2 wt% Te are 2.56 and 3.14 nm, respectively. As the CdTe have relatively large Bohr radius of approximately 7.5 nm which is greater than the diameter of the prepared nanoparticles, suggesting that quantum confinement substantially alter the optoelectronic properties of this material. We have used the optical absorption spectroscopy to analyze the influence of doping concentration and heat treatment temperature and duration on the light absorption mechanisms in CdTe nanoparticles doped glass. All the absorption spectra recorded at room temperatures for the present glass samples.
Figure 4(a) shows the comparison between the absorption spectra for the as quenched PNL and PNZL glass composite doped with 2 wt% CdO and 2 wt% Te. The absorption band of CdTe nanoparticles in PNL glass show an initial step at 2.42 eV. This unresolved peak at 2.42 eV is blue shifted by 0.99 eV from the bulk band gap of CdTe. While the absorption band of CdTe nano- particles doped PNZL glass is clearly different as shown in Figure 4 . A distinct peak appears at 2.34 eV and is blue shifted by 0.91 eV from the bulk band gap of CdTe. These results indicate a coexistence of nucleation and growth of nanopaticles during the quenching process due to the low rate of cooling around the transition temperature. To clarify the differences between the two absorption spectra we have calculated the second derivative as shown in Figure 4(b) . The difference between the absorption spectra of CdTe nanoparticles in both of PNL and PNZL glasses reveal that the size of the nanoparticles formed in glass contains ZnO is greater than the particles formed in Zn free glass. These results indicate that the presence of ZnO in the host glass matrix leads to an increase in the number of CdTe nanoparticles nucleated during the quenching of the melt to room temperature. This result confirms the obtained results from X-ray analysis. It's worth mention that there is a differrrence of the optical band gap of the two hosts of glass systems. This difference of the optical band gap of host glass leads to a change in the degree of confinement of the nanoparticles which in turn affect on the energy of the absorption spectra and oscillator strength. Figure 5 shows the optical absorption spectra of the PNZL glass doped with different concentrations of CdO and Te. Clearly, with increasing the concentration of the semiconductor material the absorption coefficient of absorption maximum increases which indicates to the increasing number of nanoparticles. This result confirms the obtained result from differential thermal analysis. In addition the half width of the absorption bands increases with increasing the concentration of doping semiconductor, which indicates the increase in size distribution. Besides, the increase in half width with increasing the concentration of the elemental semiconductor material the absorption maximum is little shifted to higher energy (as shown in Figure 5 ). This result indicates that there is an increase of the volume fraction of the small nanoparticles inside the whole distribution with increaseing the concentration of the elemental semiconductor material. This result is consistent with the previously reported theoretical results by M. P. Shepilov [21] .
We have studied the effect of heat treatment duration and temperature on the optical absorption for different concentrations of CdTe doped PNZL glass matrix. For all spectra obtained in this study we have calculated the effective band gap of the CdTe nanoparticles from the energy dependence of the absorption coefficient near the band edge using the following relation [22] 
where α is the absorption coefficient, E = ħ is the photon energy and E g (R) is the effective band gap energy of CdTe nanoparticles. Figure 7 shows the effect of annealing temperature on the optical band gap for the different concentrations of doping. Obviously, the band gap decreases with increasing the annealing temperature but with a slow rate at low temperature range from 310˚C to 350˚C for the two samples doped with low concentrations 1.0% and 1.5%. Conversely, at higher temperature range from 350˚C to 380˚C the rate of decreasing the band gap increases with increasing the temperature. The low rate of changing the band gap at low temperatures may be due to the reduction of intrinsic defects at the nanoparticles glass interface [23] and can be explained as following. At these low temperatures we have two opposite effects on the energy of the absorption edge (1) effect of growing which lead to a shift of absorption to lower energy side and (2) the reduction of intrinsic defects which causes a slight shift to higher energy side. This two effects lead to the change in the energy of the absorption edge is small. On the other hand, for the two samples doped with low concentrations 1% and 1.5 % there is no remarakable change in the band gap for the annealing at high temperature greater than 380˚C. We attributed this result to the formation of oxide layer at the surface of the nanoparticle. As our samples annealed in air, diffusion of ambient oxygen will takes place through glass matrix and the reaction of oxygen with CdTe at the nanoparticle surface will cause a formation of thin oxide layer on the surface of the nanoparticles. Figure 8 shows the relation between the optical band gap energy and the duration of annealing at constant annealing temperature (350˚C). Clearly, with increasing the annealing time the optical band gap energy decreases. The rate of decreasing the optical band gap is relatively fast for the first 10 minutes after that the band gap energy gradually decreases with a slow rate with increasing the annealing time due to the decrease in supersaturation.
We have calculated the average sizes of the CdTe nanoparticle by the simple model of quantum confinement, within the effective mass approximation which predict the difference in the band gap with size of nanoparticle according to [24] 
where E g (R) is the energy of the optical absorption edge of CdTe nanoparticles, E g the is the energy of the optical absorption edge of bulk CdTe semiconductor, m * is electron and hole effective mass, h is Plank's constant and R is the radius of the nanoparticles. The obtained results for nanoparticle sizes with different doping concentration prepared at different heat treatment temperature and duration are shown in Figures 9 and 10 .
Also we have calculated the nanoparticle diameter from the energy of the absorption maximum. The difference between the particle size calculated from the band edge and that one calculated from the energy of first absorption maximum gives the width of size distribution (D 1/2 ) [25] 
where E e and E m are the band edge energy and the energy of the first absorption maximum, respectively. D 1/2 , can be taken to be twice the standard deviation  if we assuming the Gaussian distribution of nanoparticles and D m will approximate the mean nanoparticle diameter. We then define the size polydispersity index for each absorption spectrum [26] size polydispersity index =
The calculated values of size polydispersity index for all samples in this work have values between 1.03 and 1.08 which indicates that the nanoparticles have very narrow size distribution.
We have also calculated the activation energy for the various concentration of the doping. Knowledge of the activation energy gives important information about the growing of the nanoparticles. Figure 11 shows the relation between the nanoparticle radii calculated from the absorption edge and the square root of the heat-treatment duration time for different concentration of semiconductor materials and at constant heat treatment temperature (350˚C). A least-square straight-line fit to R against t 1/2 data also are shown in Figure 11. The straight line is extrapolated to obtain the initial value of particle radius (R 0 ) as intercepts with t 1/2 = 0 line.
In diffusion limited growth of the particles, all nuclei are assumed to be extrinsic and created at t = 0 prior to the heat treatment during quenching the melt to room temperature. According to the diffusion-limited growth, for the case of quasi static diffusion around a particle 
where D is the diffusion constant, t is heat treatment time, 
where D 0 is a frequency factor, E ac. is molar activation energy, T is heat treatment and  is universal gas constant (  = N A K B = 8.3415 × 10
). Combining Equations (7) and (9) we find the following equation:
Take the natural logarithm of both sides of Equation (10) ) for different doping concentration of semiconductor materials (CdTe) at constant heat treatment time (60 min). As the second term in Equation (11) is constant, so, the activation energy of the diffusion is calculated from the slope of the least-squares fit to data. Figure 13 shows the estimated activation energy of diffusion as a function of different concentration of CdTe in glass matix. The value of activation energy about 43.8 kJ/mol for 1 wt% concentration of CdTe and decreased with increasing the concentration of doping materials. To the best of our knowledge, this is the first work of activation energy of growth of nanoparticles in pho-phasate glass matrix. The value of activation energy about 43.8 (kJ/mol) is very close to the previously reported value of activation energy of growing CdS nanoparticles which was equal (0.55eV) or 53 kJ/mol [27] , this lower value of activation energy of growing CdTe in phosphate glass matrix reflects the higher solubility of semicon-ductor components in this type of glass matrix. The decrease of activation energy with increasing the doping concentrations also confirms the increase in solubility of semiconductor components and increase in diffusion coefficients in our glass matrix. On the other hand this value of activation energy is very small relative to the previously reported value of CdTe in commerciall schott filters glass (SiO 2 -K 2 O-ZnO-B 2 O 3 ) which was 170 kJ/mol [13] . The annealing temperatures for the growing of nanoparticles are (310˚C -390˚C) which experienced here are less than those used for silicate glass (575˚C -675˚C). Besides, the annealing time for growing the nanoparticles is very short due to the low viscosity of phosphate glass at temperatures above the glass transition temperature [15, 18] . This low viscosity leads to faster diffusion in this kind of glass which in turn affect on the value of activation energy.
Conclusions
We have adopted prepration method of a novel system of CdTe embedded in phosphate glass matrix. The prepared samples characterized by X-ray diffraction, differential thermal analysis (DTA) and optical absorption spectroscopy. The X-ray diffraction study showed the prepared nanoparticles are crystallized in hexagonal structure. Also, X-ray analysis showed that the formation of the nanoparticles is strongly affected by the incorporation of ZnO into the glass matrix. On the other hand, we have studied the effect of concentration, annealing duration and temperatures on the band gap and sizes of nanoparticles through the optical absorption spectroscopy. Furthermore, we have calculated size polydispersity index from the absorption spectra and found it has values between 1.03 and 1.08 which indicates that the CdTe nanoparticles have very narrow size distribution. Finally, we have estimated the activation energy of diffusion for the growing of CdTe in phosphate glass matrix and yields very low value as compared to CdTe prepared in silicate glass matrix.
